Objectives-To evaluate the association of frailty, a measure of diminished physiologic reserve, with both major and minor surgical complications among patients undergoing urologic surgery.
Introduction
Approximately two thirds of all urologic procedures are performed in patients ages 65 and older.(l) As this population continues to grow at a rapid rate -nearly one in five United States residents will be age 65 and older by the year 2030(2) -urologists will be increasingly confronted with the complexities of surgical decision making and care in older individuals.
Among these complexities is the presence of frailty. Frailty is a measure of physiological vulnerability that often manifests in older individuals as an increased susceptibility to disability. (3, 4) Frailty results from cumulative declines across multiple organ systems that often leads to deterioration and adverse events in response to stressors, such as surgery. (5) This concept distinguishes frailty from potential causes such as comorbidity and from potential downstream outcomes such as disability. Frailty, which is often treated as synonymous with comorbidity, is in fact a distinct concept represented by an accumulation of conditions in combination with a decline in function. Frailly has been linked to poor postoperative outcomes in older individuals undergoing general surgical (6) (7) (8) (9) (10) and urologic oncology (11) procedures, including increased complications, prolonged length of stay and discharge to a skilled or assisted living facility. The effect of frailty on the majority of urologic procedures commonly performed in older adults, however, has yet to be determined.
Using data from the American College of Surgeons National Surgical Quality Improvement Program (ACS NSQIP), we examined the association between frailty and both major and minor complications among patients undergoing common urologic procedures in the United States from 2007 to 2013. Findings from this study will help urologists to better target surgical procedures for patients in whom the benefits of surgery will outweigh the risks.
Materials and Methods

Patients and Databases
We used data from the American College of Surgeons National Quality Improvement Project (ACS NSQIP) Participant Data Use File from 2007 to 2013. This study was determined to be exempt by our institution's Institutional Review Board. The NSQIP database compiles data from hospitals that voluntarily contribute information pertaining to their sample of surgical procedures. Highly trained surgical clinical reviewers who are employed by the hospital and trained by ACS examine medical records and classify perioperative clinical data and outcomes up to 30 days. As of 2014, over 445 hospitals nationwide contributed cases to this database. (12) From this population, we identified all urologic cases using the surgical specially variable. Since many sling procedures are performed by both urologists and gynecologists, this procedure was searched for by Current Procedure Terminology (CPT) code 57288 [sling operation for stress incontinence (eg, fascia or synthetic)] and all sling procedures were included, regardless of specially type. We focused on commonly performed proceduresprocedures that had over 1,000 entries in the database -which ensured adequate sample size. In order to include a breadth of cases, no exclusionary criteria were applied to allow for the generalizability of our findings.
Outcomes
Thirty day complications were ascertained from the NSQIP database. Complications were classified as either minor [eg, urinary tract infection (UTI), superficial wound infection, pneumonia and blood transfusion] or major [eg, hospital readmission, return to the operating room, sepsis, deep vein thrombosis (DVT), cerebral vascular accident (CVA), reintubation, renal failure, myocardial infarction, pulmonary embolus, septic shock, dehiscence, cardiac arrest, deep wound infection, coma and death] in accordance with prior studies looking at complications using NSQIP data. (13, 14) Covariates Frailly was assessed using a frailly index (FI) designed specifically for use in NSQIP data. This index was adapted from the Canadian Study of Health and Aging-frailty index (CSHA-FI) which includes factors that can be easily elicited from the patient history and have been determine to have greater precision for measuring frailty than the Charlson Comorbidity index. The NSQIP-FI includes 11 items: (1) history of diabetes, (2) impaired functional status, (3) history of chronic obstructive pulmonary disease (COPD) or pneumonia, (4) history of congestive heart failure, (5) history of myocardial infarction within 6 months of surgery, (6) history of percutaneous coronary intervention, cardiac surgery, or angina, (7) being on hypertensive medications, (8) peripheral vascular disease or rest pain, (9) impaired sensorium, (10) transient ischemic attack or cerebral vascular accident defined as focal neurologic deficits of sudden onset and brief duration, and (11) cerebrovascular accident with deficit defined by history of cerebrovascular accident with persistent residual dysfunction. Items are summed and divided by 11 for the composite FI score, so that a NSQIP FI score of 1/11 would be 0.09, a NSQIP FI score of 2/11 would be 0.18, and so on and so forth. This index has been shown to demonstrate excellent correlation with both mortality and morbidity in all surgical subspecialties, including urology, and distinctly measures frailty, as opposed to comorbidity. (15) Additional covariates including demographic [age, race, smoking status, recent weight loss (defined as >10% loss of body weight in the last 6 months), serum creatinine, albumin and hematocrit] and case-based characteristics (year of case, and type of anesthesia) were obtained from the NSQIP files.
Statistical Analysis
Demographic and case-based characteristics of patients undergoing urologic procedures were reported as frequencies and percentages. Unadjusted and adjusted logistic regression models were used to explore which factors were associated with complications resulting from urologic procedures. Models were adjusted for year, age, race, type of anesthesia, smoking status, and NSQIP FI. Other variables (e.g., recent weight loss, serum creatinine, albumin, and hematocrit) were not included in the models due to potential overlap with the NSQIP FI.
In order to determine the effect of frailty on complications for individual urologic procedures, we used a two-level random effects model in which the association between frailty and complications is assessed within each procedure, and then across procedures.
More specifically, since each procedure has a unique clinical context, we performed separate multivariable logistic regression analyses for each procedure, assessing the association between frailty and complications. The models were adjusted for year, age, race, type of anesthesia and smoking status. The log odds ratios (and 95% CI's) were combined in using a random effects meta analysis approach to provide an overall picture of the association between frailty and complications across procedures. Heterogeneity across procedures was assessed using an I 2 statistic.
Results
We identified 95,108 cases representing 21 different urologic procedures in the NSQIP database from 2007-2013. Demographic and case based characteristics are described in Table 1 . The majority (67.8%) of urologic procedures were performed in individuals ages 61 and older. Additionally, the majority of urologic patients were white (89.4%), non-smokers (84.7%), and did not have recent weight loss (99.1%). Almost 40% of patients had no frailly items, 38.9% had 1 frailty item and 21.6% had 2 or more frailly items. More cases were available as the years advanced, with over thirty percent of the cases being done in 2013. The majority of cases were performed using general anesthesia (89%). Figure 1 demonstrates complications for each of the 21 procedures stratified into major complications, minor complications, and a combination of major and minor complications. Cystectomy with lymph node dissection had the highest percentage of complications at 58.2%, while hydrocele had the lowest percentage of complications at 5.4%. Table 2 . The overall complication rate was 11.7%. The most common minor complication was blood transfusion (4.6%) followed by urinary tract infection (3.1%). The most common major complication was hospital readmission (6.2%).
Frequencies of individual complications are depicted in
Results of the logistic regression predicting factors associated with complications are shown in Table 3 . Increasing frailty was significantly associated with increasing odds of complications in both unadjusted and adjusted models; for NSQIP FI=0.09 adjusted OR 1.28 (95% CI 1.21, 1.36) and for NSQIP FI=0.18 and greater adjusted OR 1.74 (95% CI 1.21, 1.36). Increasing age was also associated with increased odds of complications by decade in both models; ages 51-60 adjusted OR 1.21 (95% CI 1.10, 1.34), ages 61-70 adjusted OR 1.27 (95% CI 1.16, 1.39), ages 71-80 adjusted OR 1.61 (95% CI 1.46, 1.77), ages 81 plus adjusted OR 1.99 (95% CI 1.79, 2.20). Patients who smoked had increased odds of having complications compared to those who did not smoke in the adjusted model with an adjusted OR of 1.16 (95% CI 1.09, 1.23). Cases performed with monitored anesthesia care (MAC) were associated with lower odds of complications compared to those performed under general anesthesia in the adjusted model, adjusted OR 0.55 (95% CI 0.46, 0.67). Additionally, cases performed in more recent calendar years, 2011 to 2013 in the adjusted model, had higher odds of having complications compared to procedures performed in the year 2007. Of note, we did perform a separate model to evaluate for possible interaction between frailty and age. We found that this interaction was not significant with an overall p value of 0.29 (results not shown). Figure 2 further illustrates the association between the NSQIP FI and complications. As the NSQIP FI increases, rates of complications also increase. This holds true for complications overall and for major and minor complications individually. Figure 3 combines age (in decades) and NSQIP FI score to provide the percentage of overall complications with 95% confidence intervals (represented by error bars) for each age-NSQIP FI group NSQIP FI was significantly associated with increased complications within age groups. For example, in the 40 to 50 age group, individuals with a NSQIP FI of 0 had a significantly lower percentage of complications compared to individuals of the same decade of age with a NSQIP FI of 0.18+. This trend holds true for all age groups up until the 80+ age group, which demonstrates similar percentages of complications across different NSQIP FI categories. Findings were similar for both major and minor complications (data not shown).
We found that frailty was associated with an increased risk of complications in nearly all urologic procedures that we studied (with p<0.01), as shown in Figure 4 . Exceptions included prostatectomy with lymph node dissection, prostatectomy with extended lymph node dissection, cystectomy, sling procedures for urinary incontinence and orchiectomy. Across procedures, frailty was associated with an increased risk of complications with a log OR of 0.237 (95% CI 0.183, 0.2901). However, we also observed substantial heterogeneity across procedures (I 2 = 55.9%, p<0.01).
Discussion
We found that frailty is strongly associated with both major and minor complications among patients undergoing urologic surgery. This finding was consistent across and within age groups up to age 81, where complications were similar despite frailty status. Additionally, frailty had a significant association with complications for most urologic procedures examined. Other factors associated with complications included increasing age, smoking status, cases performed under general anesthesia, and more recent calendar year, likely due to increased case mix and complexity with the maturation of the NSQIP database.
Our findings are consistent with prior studies among patients undergoing non-urologic procedures that have found a significant association between frailty and complications. One 
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Author Manuscript study examined patients undergoing elective surgical procedures and found that preoperative frailty, defined by the Fried criteria (weakness, weight loss, exhaustion, low physical activity, and slowed walking speed), was associated with an increased risk for post-operative complications, length of hospital stay, and discharge to a skilled or assisted-living facility. (6) Studies performed in the vascular literature have demonstrated similar findings. Frail patients undergoing emergent and elective vascular procedures were found to have longer hospital stays and poorer postoperative outcomes, (8, 9) and an association between frailty and mortality has been demonstrated among patients undergoing transcatheter aortic valve replacement. (7) Another study looked at patients undergoing major intra-abdominal procedures and found that two specific components of frailty, shrinking and grip strength, were highly predictive of 30-day morbidity and mortality. (11) Interestingly, our study demonstrated an association between frailty and complications independent of age, demonstrated by a p value of 0.29 for interaction between these two variables. We found that within each decade of life, with the exception of octogenarians, increasing frailty was significantly associated with higher percentages of complications. In other words, a frail 40-50 year old has a similar frequency of complications as an 81 year old and a higher frequency of complications than a non-frail 40-50 year old. This trend was similar for all decades of life up to age 81 and for both minor and major complications separately.
Our study is the first to evaluate frailty according to several individual urologic procedures that are commonly performed. We found that with the exception of the following procedures: cystectomy, prostatectomy with extended and non-extended lymph node dissection, sling procedures for stress urinary incontinence and orchiectomy; that increasing frailty was associated with increased complications across most urologic procedures. While these exceptions did not reach statistical significance, they were all very near the threshold of significance and interpretation of these results should be interpreted with this in mind.
What is striking about the evaluation of the association between increasing frailty and complications within individual procedures, however, is that almost all procedures, both "major" (i.e. various partial and radical nephrectomy) and "minor" (i.e. transurethral resection of the prostate and hydrocele) demonstrated this significant trend (p<0.01), highlighting the importance of the evaluation of frailty among all individuals undergoing all types of urologic surgery.
This study should be considered with several limitations in mind. First, we are limited by the nature of the NSQIP database in the level of detail of the information that is available for analysis. Second, hospitals that participate in NSQIP may have certain resources and qualities that differentiate them from hospitals that do not participate, making findings from this study less generalizable to non-NSQIP affiliated hospitals. Additionally, due to the restraints of the data structure, we are only able to analyze complications within 30 days of the index procedures and are not able to capture any longer-term outcomes or complications. We are also somewhat limited in our measure of frailty. Ideally we would be able to complete functional and cognitive assessments in each patient undergoing surgery, however, these data are not available and instead we used an already established and validated functional score previously designed for and used in these data. Additionally, there may be Suskind et al. Page 6 other factors that may help to improve upon the NSQIP-ASA frailty index, such as ASA classification,(ll, 16) however, we chose not to include these factors in our analyses because we chose to focus on data that was readily available to urologists in the preoperative clinical setting. Finally, we chose to combine complications into "major" and "minor" categories, as opposed to other classification schemes such as the Clavien Dindo system, for ease of interpretation and data presentation. While we recognize that there are many different ways to divide up complications, the differentiation between major and minor complications has been used in similar studies with NSQIP data that are published in the literature. (13, 14) Frailly is strongly associated with short-term postoperative complications among patients undergoing most urologic procedures. This association is significant across age groups, type of complication (major and minor), and various procedure types. These findings highlight the importance of preoperative frailly assessment and how this assessment can enhance surgical decision-making among physicians, patients, and their families for optimized postoperative outcomes. Table 3 Unadjusted and adjusted models predicting major and minor complications of common urologic procedures Events/N (%) Unadjusted OR 95% CI
Events/N (%) Adjusted OR 95% CI
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